Cytochromes P-450 and P-448 in microsomal suspensions have been shown to be spectrally distinct by magnetic circular dichroism spectroscopy. Furthermore, this technique can be used to measure induction of these two cytochromes by phenobarbital and 3-methylcholanthrene. Magnetic circular dichroism spectroscopy is thus at least as useful as difference spectroscopy for the investigation of P-450 and P-448 and more informative because the presence of cytochrome b5 and hemoglobin can be detected concurrently. We have also shown that the molar magnetic ellipticity for reduced + CO treated cytochrome P-450 of Pseudomonas grown on camphor is of similar value to that of reduced + CO treated microsomal P-450 and P-448.
Cytochrome P-450 from rat liver microsomes has been implicated in the biological oxidation of a wide variety of endogenous and foreign natural products and synthetic molecules. Absorption spectroscopy has revealed two types of P450: one, induced by phenobarbital (PB), shows a peak at 450 nm for the reduced + CO minus reduced difference spectrum; another one, induced by polycyclic hydrocarbons such as 3-methylcholanthrene (3MC), shows a maximum at 446 or 448 nm and is known as P-4480.
We have previously shown the applicability of magnetic circular dichroism (MCD) spectroscopy to the investigation of cytochrome P-450, thereby permitting more direct spectral studies (1) , and now wish to report a comparison of cytochromes P-450 and P-448 using MCD. Cytochrome b5, the other major cytochrome component of rat liver microsomes, can also be identified by MCD (1) . This has enabled us to measure changes in the P-450 or P-448 to b5 ratio resulting from the administration of PB or 3MC. The present study was done on an instrument of higher sensitivity than the one employed in the previous study (1) , thereby allowing for the use of an electromagnet (12.0-15.0 kG) rather than a superconducting magnet (49.5 kG) requiring liquid helium. The use of this instrument has been described elsewhere*. Abbreviations: MCD, magnetic circular dichroism; CD, circular dichroism; P-450, P-448, and P-420, microsomal cytochromes P-450, P448, and P-420; bj, cytochrome b-; P-450cam, cytochrome P-450 from camphor-grown Pseudomonas putida; PB, phenobarbital; 3MC, 3-methylcholanthrene. * 
EXPERIMENTAL
Twenty male, 30-day-old, Sprague-Dawley rats (Simonsen, Inc., Gilroy, Calif.), born on the same day and ranging in weight from 103-120 g were used. Cytochromes P-450 and P-448 were induced by three daily intraperitoneal injections with PB (80 mg/kg per day) in propylene glycol (5 rats) and 3MC (20 mg/kg per day) in corn oil (5 rats). Ten rats were used as controls and received equivalent injections of propylene glycol (5 rats) and corn oil (5 rats). Injection amounts were based on the average weight of 110 g. Food was removed on the fourth day and the rat was sacrificed by a blow to the head on the fifth day. The injection schedule was designed so that two rats were sacrificed per day, control rats 1 ) and CD (-----) spectra of a reduced + CO microsomal suspension from a 3MC induced rat (no. 12). The MCD spectra shown here were obtained with the magnetic field parallel to the direction of light propagation and have not been corrected for CD.
The suspensions were prepared by dilution with deaerated buffer to an OD of approximately 1.5 at 400 nm and placed in a stoppered cuvette, thermostated to 7°. For each microsomal sample, first the untreated (oxidized) spectra (two MCD and one CD) were run and then the reduced + CO spectra (two MCD and one CD). A difference absorption 
RESULTS AND DISCUSSION
The MCD and CD spectra of reduced + CO microsomal suspensions from rats induced with PB and with 3MC are shown in Fig. la and b , respectively. The important features of these spectra are the MCD A terms (4) centered at about 450-452 nm from cytochrome P-450 (or P-448) and those centered at about 556 nm from cytochrome b5 (1). Examina- tion of Fig. 1 shows that there is a great similarity in the shapes of the MCD spectra of both microsomal preparations. The spectra shown are representative of those found for all the samples examined.
The data in Tables 1 and 3 include a comparison of P-450 and P-448 concentrations as determined from the molar magnetic ellipticity for solubilized, camphor-free, reduced + CO P-450cam from camphor-grown Pseudomrionas putida (1) and as determined by the difference spectral method of Omura and Sato (5). The individual ratios of these concentrations (the means and standard deviations are listed in Table 3 ) range from 1.0 to 2.0, with all but two being 1.3 or less. This is consistent with the results of Vickery et al. (6) and indicates that the molar magnetic ellipticity of bacterial reduced + CO P-450,cm is similar to that of rnicrosomal reduced + CO P-450 (and P448). Vickery et al., however, find a value of less than 1 for this ratio, whereas we find a value of greater than 1 (bottom of Cytochrome b5 concentrations determined by MCD can be found in Table 2 . Tables 1 and 3 show the use of MCD to demonstrate successful induction of P-450 and P-448 by PB and 3MC. This can be seen by looking at the absolute amounts of P-450 or P-448 as determined by (1) MCD or (2) difference spectroscopy (Table 1 , columns 3 and 4), or (3) by looking at the ratio of P-450 or P448 to b5 (Table 3 , column 2). A Student t test analysis of the induction as measured by any of these three methods shows there to be approximately a 99% probability that the P450 concentration has been increased by PB administration and greater than an 80% probability than the P-448 concentration has increased because of 3MC injections. When measuring the induction by use of the P-450 (or P-448) to b5 ratio (Table 3 , column 2), one must keep in mind that the b5 concentration is being increased by PB (significantly) and 3MC (slightly). Despite the b5 concentration changes, there is still a definite increase in the P450 to b5 ratio as well as a slight increase in the P-448 to b5 ratio compared to their respective controls. Close analysis of the induction of P-450 and P-448 for individual rats as seen by the three methods reveals that the induction became less effective as the study progressed. This may be due to the fact that the injection amounts were based on the original average weight and were not increased as the animals got heavier; furthermore, induction may be less effective in older animals. A comparison of the use of MCD and difference spectroscopy to characterize P450 and P-448 is shown in Table 4 . Because the crossover point of an MCD A term corresponds to the absorption maximum (4), one would expect that if P-450 and P-448 are spectrally distinct, their MCD crossover points would be different. This was indeed found to be the case, since the mean of the crossover points for P-450 is at 451.5 4+ 0.3 nm, whereas that from P448 is at 450.1 i 0.6 nm. A Student t test analysis of the results in Table 4 shows a comparable level of confidence in the MCD and difference spectral characterizations that these two cytochromes are spectrally distinct. Both methods demonstrate the distinction to approximately a 99% confidence level. The MCD crossover points are consistently 1.0-1.5 nm to the red of the corresponding difference spectral peaks.
The spectral distinction between P-450 and P-448 has already been demonstrated by Fujita et al. (7), for the solubilized forms of these microsomal cytochromes by direct absorption spectroscopy. We have now demonstrated this distinction for unsolubilized P-450 and P448 for the first time by a more direct method than difference spectroscopy.
An additional point which should be made is that MCD can be used to detect the presence of hemoglobin in the microsomal samples. Oxyhemoglobin shows a strong MCD A term with a crossover point at 576 nm (4) . If appreciable amounts of hemolgobin are present, they would, therefore, be easily detected in the oxidized spectra. By this criterion, no significant amounts of hemoglobin were found in any of the samples.
